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(57) ABSTRACT

Multiple images are acquired by continuously capturing
images at high speed while panning an image capturing
device (10). An optical flow between a reference image (pre-
viously captured image) and a currently captured image in a
time sequence of imaging is calculated, and, based on this
calculated optical flow, an image of an overlap area (i.e. area
with disparity) between the images is cut out. Subsequently,
the pair of cut images is stored in a memory (48) as a left
image and a right image. After that, a left panoramic image is
synthesized from multiple left images stored in the memory
(48) and, similarly, a right panoramic image is synthesized
from multiple right images.
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1
STEREOSCOPIC PANORAMIC IMAGE
SYNTHESIS DEVICE, IMAGE CAPTURING
DEVICE, STEREOSCOPIC PANORAMIC
IMAGE SYNTHESIS METHOD, RECORDING
MEDIUM, AND COMPUTER PROGRAM

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a PCT Bypass continuation application
and claims the priority benefit under 35 U.S.C. §120 of PCT
Application No. PCT/JP2011/064103 filed on Jun. 21, 2011
which application designates the U.S., and also claims the
priority benefit under 35 U.S.C. §119 of Japanese Patent
Application No. 2010-143740 filed on Jun. 24, 2010, which
applications are all hereby incorporated in their entireties by
reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The presently disclosed subject matter relates to a stereo-
scopic panoramic image synthesis device, an image capturing
device and a stereoscopic panoramic image synthesis
method, and particularly, the presently disclosed subject mat-
ter relates to a technique of synthesizing a stereoscopic pan-
oramic image based on an image captured by a monocular
camera.

2. Description of the Related Art

In the related art, there is known a panoramic image syn-
thesis method of capturing a sequence of images using a video
camera which is fixed to a tripod or the like and rotated,
combining slit images cut in a slit shape from these captured
sequence of images and synthesizing a panoramic image
(Japanese Patent Application Laid-Open No. 11-164325).

According to the panoramic image synthesis method
described in this Japanese Patent Application Laid-Open No.
11-164325, by determining a slit image width based on the
optical flow size between two consecutive images, cutting slit
images and synthesizing them, it is possible to reliably repro-
duce a panoramic image even in a case where angular velocity
of the video camera is not constant.

Also, Japanese Patent Application Laid-Open No. 2002-
366948 discloses a range imaging system that can synthesize
a three-dimensional space panorama.

SUMMARY OF THE INVENTION

The abstract of Japanese Patent Application Laid-Open
No. 11-164325 discloses combining slit images cut in a slit
shape from captured consecutive images and generating pan-
oramic images for right and left eyes, the specification of
Japanese Patent Application Laid-Open No. 11-164325 con-
tains no description related to generation of panoramic
images for the right and left eyes.

In the range imaging system disclosed in Japanese Patent
Application Laid-Open No. 2002-366948, a modulated elec-
tromagnetic radiation beam is irradiated to a scene and its
reflection beam (i.e. image bundle formed with at least three
images) is captured by a camera as a laser radar. This range
imaging system differs from a normal camera in irradiating a
modulated electromagnetic radiation beam.

It is an object of the presently disclosed subject matter to
provide a new stereoscopic panoramic image synthesis
device, an image capturing device and a stereoscopic pan-
oramic image synthesis method that can synthesize a stereo-
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scopic panoramic image from multiple images captured by
panning a monocular image capturing device.

To achieve the above object, a stereoscopic panoramic
image synthesis device according to a first aspect includes: an
image acquisition unit that acquires multiple images continu-
ously captured at a predetermined frame rate while panning
an image capturing device having a single imaging optical
system and an imaging element; an image selection unit that
selects images for panoramic image synthesis from the
acquired multiple images and selects images in which a hori-
zontal component of a translation vector of an optical flow
between the images is within a predetermined range set in
advance; an overlap area detection unit that detects an overlap
area between temporally adjacent images in the selected
images; a trimming unit that cuts out images of the detected
overlap area; a storage unit that stores the cut images of the
overlap area as a left image and a right image; and a pan-
oramic image synthesis unit that synthesizes a left panoramic
image and a right panoramic image based on an image group
of'the stored left image and an image group of the stored right
image.

Among the multiple images captured by panning the image
capturing device (monocular image capturing device) having
the single imaging optical system and the imaging element,
the images of the overlap area between the temporally adja-
cent images correspond to the left viewpoint image and the
right viewpoint image. Therefore, in the stereoscopic pan-
oramic image synthesis device according to the first aspect, it
is possible to cut out the images of the overlap area, use these
as an image group of left images and an image group of right
images, synthesize a panoramic image of the left image from
the image group of left images and synthesize a panoramic
image of the right image from the image group of right
images.

Also, in the synthesized stereoscopic panoramic image, it
is preferable that the stereoscopic effect of a certain subject in
the same distance does not change by the imaging direction.
Therefore, in the stereoscopic panoramic image synthesis
device according to the first aspect, an image is selected in
which the horizontal component of a translation vector of an
optical flow between temporally adjacent images is within a
predetermined range set in advance.

According to a second aspect, the stereoscopic panoramic
image synthesis device according to the first aspect further
includes: a correspondence point detection unit that sets a
predetermined image among the acquired multiple images as
a reference image, and detects correspondence points having
a same feature between the reference image and one or mul-
tiple different images captured at different time from that of
the reference image; and an optical flow calculation unit that
calculates the optical flow based on the correspondence
points detected by the correspondence point detection unit,
where the image selection unit selects an image in which a
horizontal component of a translation vector of the calculated
optical flow is within a predetermined range set in advance,
and sets the different selected image as a next reference
image.

According to a third aspect, in the stereoscopic panoramic
image synthesis device according to the first or second aspect,
the panoramic image synthesis unit trims each image of the
image group of the stored left image in a slit shape according
to a horizontal component of a translation vector of an optical
flow between the images and synthesizes the trimmed slit-
shaped images based on the translation vectors of the optical
flows to generate a left panoramic image, and trims each
image of the image group of the stored right image in a slit
shape according to a horizontal component of a translation
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vector of an optical flow between the images and synthesizes
the trimmed slit-shaped images based on the translation vec-
tors of the optical flows to generate a right panoramic image.

According to a fourth aspect, in the stereoscopic panoramic
image synthesis device according to the first or second aspect,
the panoramic image synthesis unit synthesizes the left pan-
oramic image by relatively shifting the image group of the left
image in a time sequential manner based on the translation
vectors of the optical flows between the images of the image
group of the stored left image and mapping the image group
over a memory, and synthesizes the right panoramic image by
relatively shifting the image group of'the right image in a time
sequential manner based on the translation vectors of the
optical flows between the images of the image group of the
stored right image and mapping the image group over a
memory.

The stercoscopic panoramic image synthesis device
according to the third aspect is configured to trim non-over-
lapped slit-shaped image of each image group and synthesize
a panoramic image by synthesizing the trimmed slit-shaped
images. The stereoscopic panoramic image synthesis device
according to the fourth aspect is configured to synthesize a
panoramic image by relatively shifting each image group ina
time sequential manner based on the translation vectors of the
optical flows between the images of the image group and
mapping the image groups over a memory.

According to a fifth aspect, in the stereoscopic panoramic
image synthesis device according to the third or fourth aspect,
the panoramic image synthesis unit includes a trimming unit
that trims images of an area having an overlapping pixel
between the left panoramic image and the right panoramic
image synthesized by the image synthesis unit. By this
means, even in a case where a panning operation of the image
capturing device is not performed accurately and horizon-
tally, it is possible to acquire a good stereoscopic panoramic
image.

According to a sixth aspect, the stereoscopic panoramic
image synthesis device according to one of the first to fifth
aspects further includes a recording unit that records the left
panoramic image and the right panoramic image generated by
the panoramic image synthesis unit in association with each
other.

An image capturing device according to a seventh aspect
includes the stereoscopic panoramic image synthesis device
according to one of the first to sixth aspects.

According to an eighth aspect, the image capturing device
according to the seventh aspect further includes: a mode
setting unit that sets a stereoscopic panoramic imaging mode;
and a control unit that fixes a focus position, an exposure
condition and a white balance gain and continuously captures
images at the predetermined frame rate when the stereoscopic
panoramic imaging mode is selected and an imaging start
instruction is input.

By this means, it is possible to fix the focus position,
exposure condition and white balance gain of each slit-
shaped image for panoramic image synthesis.

According to a ninth aspect, the image capturing device
according to the seventh or eighth aspect further includes: a
mode setting unit that sets a stereoscopic panoramic imaging
mode; a translation vector calculation unit that calculates a
horizontal component of a translation vector of an optical
flow between images captured at a time of imaging in the
stereoscopic panoramic imaging mode; and an alert unit that
issues an alert when an absolute value of the horizontal com-
ponent of the translation vector calculated by the translation
vector calculation unit is larger than a threshold set in
advance.

10

15

20

25

30

35

40

45

50

55

60

65

4

According to a tenth aspect, the image capturing device
according to the seventh or eighth aspect further includes: a
mode setting unit that sets a stereoscopic panoramic imaging
mode; an angular velocity detection unit that detects an angu-
lar velocity of the image capturing device at a time of imaging
in the stereoscopic panoramic imaging mode; and an alert
unit that issues an alert when the angular velocity detected by
the angular velocity detection unit is larger than a maximum
angular velocity set based on the predetermined frame rate.

If the panning velocity (i.e. swing velocity or angular
velocity) of the image capturing device is too large, the over-
lap area becomes small, and, when there is no common area
for synthesis between images of image groups, panoramic
image synthesis becomes impossible. Therefore, the image
capturing device according to the ninth aspect is configured to
issue an alert in a case where the horizontal component of the
translation vector calculated by the translation vector calcu-
lation unit is over a threshold set in advance. Meanwhile, the
image capturing device according to the tenth aspect is con-
figured to issue an alert in a case where the angular velocity of
the image capturing device is over a maximum angular veloc-
ity set based on the predetermined frame rate.

A stereoscopic panoramic image synthesis method accord-
ing to an eleventh aspect includes: a step of acquiring multiple
images continuously captured at a predetermined frame rate
while panning an image capturing device having a single
imaging optical system and an imaging element; a step of
selecting images for panoramic image synthesis from the
acquired multiple images and selecting images in which a
horizontal component of a translation vector of an optical
flow between the images is within a predetermined range set
in advance; a step of detecting an overlap area between tem-
porally adjacent images in the selected images; a trimming
step of cutting out images of the detected overlap area; a step
of storing the cut images of the overlap area as a left image
and a right image; and a panoramic image synthesis step of
synthesizing a left panoramic image and a right panoramic
image based on an image group of the stored left image and an
image group of the stored right image.

According to a twelfth aspect, the stereoscopic panoramic
image synthesis method according to the eleventh aspect
further includes a step of trimming images of an area having
an overlapping pixel between the synthesized left panoramic
image and right panoramic image, respectively. Also, regard-
ing a computer program that includes a computer-executable
command and can cause a computer to perform the stereo-
scopic panoramic image synthesis method according to the
eleventh or twelfth aspect, by executing this computer pro-
gram on the computer, it is possible to achieve the above
object. Further, regarding the computer-readable recording
medium recording the above computer program, by installing
this computer program in the computer via this recording
medium and executing it, it is possible to achieve the above
object.

According to the presently disclosed subject matter, it is
possible to synthesize a stereoscopic panoramic image from
multiple images captured by panning a normal image captur-
ing device (i.e. monocular image capturing device).

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram illustrating an embodiment of an
image capturing device according to the presently disclosed
subject matter;
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FIG. 2 is an explanation view for explaining a principle of
a three-dimensional panoramic image synthesis processing
by the image capturing device according to the presently
disclosed subject matter;

FIG. 3Ais aview illustrating an acquisition flow of images
used for three-dimensional panoramic image synthesis (ver-
sion 1);

FIG. 3B is aview illustrating the acquisition flow of images
used for three-dimensional panoramic image synthesis (ver-
sion 2);

FIG. 3C s aview illustrating the acquisition flow of images
used for three-dimensional panoramic image synthesis (ver-
sion 3);

FIG. 3Dis a view illustrating the acquisition flow of images
used for three-dimensional panoramic image synthesis (ver-
sion 4);

FIGS. 4A-4B are flowcharts illustrating an acquisition flow
of images used for three-dimensional panoramic image syn-
thesis;

FIG. 5A is a view illustrating a synthesis processing
sequence of three-dimensional panoramic images (version
1);

FIG. 5B is a view illustrating the synthesis processing
sequence of three-dimensional panoramic images (version
2);

FIG. 5C is a view illustrating the synthesis processing
sequence of three-dimensional panoramic images (version
3); and

FIG. 5D is a view illustrating the synthesis processing
sequence of three-dimensional panoramic images (version
4).

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Inthe following, with reference to the accompanying draw-
ings, an explanation is given to embodiments of a stereo-
scopic panoramic image synthesis device, an image capturing
device and a stereoscopic panoramic image synthesis method
according to the presently disclosed subject matter.

[Overall Configuration of Image Capturing Device]

FIG. 1is a block diagram illustrating an embodiment of an
image capturing device 10 according to the presently dis-
closed subject matter.

This image capturing device 10 records a captured image
such as a still picture and a motion picture in a recording
medium 54 such as a memory card, and the overall device
operation is integrally controlled by a Central Processing
Unit (CPU) 40.

The image capturing device 10 includes an operation unit
38 such as a shutter button, a mode dial, a playback button, a
MENU/OK key, an arrow key and a BACK key. A signal from
this operation unit 38 is input in the CPU 40, and the CPU 40
controls each circuit of the image capturing device 10 based
onthe input signal to perform, for example, lens drive control,
diaphragm drive control, imaging operation control, image
processing control, image data record/playback control, dis-
play control of a 2D/3D-display liquid crystal monitor 30 or
the like and perform stereoscopic (3D) panoramic image
synthesis processing according to the presently disclosed
subject matter described later.

The shutter button is an operation button to input an imag-
ing start instruction and is formed with two-stage stroke type
switches including an S1 switch turned on when the button is
pressed halfway and an S2 switch turned on when the button
is fully pressed. The mode dial is a selection unit to select an
imaging mode. Examples of the imaging mode include an
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6

automatic imaging mode, a manual imaging mode, a scene
position such as a person, landscape and night scene, a motion
picture mode to capture a motion picture, and a stereoscopic
panoramic imaging mode according to the presently dis-
closed subject matter.

The playback button is a button to switch a mode to a
playback mode to display an imaged and recorded still picture
or motion picture on a liquid crystal monitor 30. The MENU/
OK key is an operation key having a function as a menu button
to give an instruction to display a menu on a screen of the
liquid crystal monitor 30 and a function as an OK button to
give an instruction to determine and execute selection con-
tent. The arrow key is an operation unit to input an instruction
of four directions of left, right, top and bottom, and functions
as a button (i.e. cursor movement operation unit) to select an
item from the menu button or instruct selection of various
setting items from each menu. Also, the top and bottom keys
of the arrow key function as a zoom switch at the time of
imaging or a playback zoom switch at the time of playback,
and the left and right keys function as a frame advance (for-
ward direction/backward direction advance) button at the
time of the playback mode. The BACK key is used to delete a
desired target such as a selection item, cancel instruction
content or return a state to the previous operation state.

At the time of the imaging mode, image light indicating a
subject is formed on a light receiving surface of a solid-state
imaging element 16 via a single imaging optical system (e.g.
zoom lens) 12 and a diaphragm 14. In the following, although
an explanation is given using a CCD (Charge Coupled
Device) as an example of the solid-state imaging element, it
does not intend to limit a type of the solid-state imaging
element. The imaging optical system 12 is driven by a lens
drive unit 36 controlled by the CPU 40 and subjected to focus
control, zoom control and so on. The diaphragm 14 is formed
with, for example, five diaphragm blades, driven by a dia-
phragm drive unit 34 controlled by the CPU 40 and subjected
to, for example, five-stage diaphragm control from dia-
phragm value F2.8 to diaphragm value F11 at 1 AV intervals.

Also, the CPU 40 controls the diaphragm 14 via the dia-
phragm drive unit 34, controls a charge accumulation time
(i.e. shutter speed) in the CCD 16 via a CCD control unit 32
and controls the reading of an image signal from the CCD 16.

The signal charge accumulated in the CCD 16 is read as a
voltage signal corresponding to a signal charge based on a
reading signal added by the CCD control unit 32. The voltage
signal read from the CCD 16 is added to an analog signal
processing unit 18. In the analog signal processing unit 18, the
R, G and B signals of each pixel are subjected to sampling
hold, amplified and subsequently added to an A/D converter
20. The A/D converter 20 converts the R, G and B signals,
which are sequentially input, into digital R, G and B signals
and outputs these to an image input controller 22.

A digital signal processing unit 24 performs predetermined
signal processing such as offset processing, gain control pro-
cessing including white balance correction and sensitivity
correction, gamma correction processing, distortion correc-
tion processing, chromatic aberration correction processing,
synchronization processing, YC processing and sharpness
correction processing on the digital image signals input via
the image input controller 22. Also, a ROM (or EEPROM
(Electrically Erasable Programmable Read Only Memory))
46 stores a camera control program, defect information of the
CCD 16, various correction parameters and tables used for
image processing, software for 3D panoramic image synthe-
sis, and so on.

The image data processed in the digital signal processing
unit 24 is output to a VRAM (Video Random Access
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Memory) 50. The VRAM 50 includes an A areca and a B area
to store image data indicating one frame image, and, in the
VRAM 50, the image data indicating one frame image is
alternately overwritten in the A area and the B area. Out of the
A area and the B area of the VRAM 50, written image data is
read from an area different from an area in which the image
data is overwritten. The image data read from the VRAM 50
is encoded in a video encoder 28 and output to a liquid crystal
monitor 30 set in the back of the camera, such that a captured
image is displayed on a display screen of the liquid crystal
monitor 30.

This liquid crystal monitor 30 can display a 2D image (i.e.
plain image) as well as a 3D image (i.e. sterecoscopic image
formed with the left viewpoint image and right viewpoint
image). For example, the liquid crystal monitor 30 may be
configured as a stereoscopic display device that can display a
directivity image having a predetermined directivity by par-
allax barrier. A configuration of the liquid crystal monitor 30
is not limited to this, and it may adopt a configuration using a
lenticular lens or may be configured such that it is possible to
look the left viewpoint image and the right viewpoint image
by wearing dedicated glasses such as polarized glasses and
liquid crystal shutter glasses.

Also, when the shutter button of the operation unit 38 is
pressed on the first stage (i.e. halfway), the CPU 40 starts an
AF (Auto Focus) operation and AE (Auto Exposure) opera-
tion and performs control such that a focus lens in the imaging
optical system 12 is arranged in a focusing position via the
lens drive unit 36. Also, image data output from the A/D
converter 20 at the time the shutter button is pressed halfway,
is imported in an AE detection unit 44.

The AE detection unit 44 integrates G signals of the entire
screen or integrates G signals subjected to different weight-
ings in the screen central part and the peripheral part, and
outputs the integration value to the CPU 40. The CPU 40
calculates the subject brightness (i.e. imaging Ev value) from
the integration value input from the AE detection unit 44,
based on this imaging Ev value, determines a diaphragm vale
of the diaphragm 14 and the electronic shutter (i.e. shutter
speed) of the CCD 16 according to a predetermined program
diagram and controls the diaphragm 14 via the diaphragm
drive unit 34 based on the determined diaphragm value. Fur-
ther, the CPU 40 controls a charge accumulation time in the
CCD 16 via the CCD control unit 32 based on the determined
shutter speed.

The AF processing unit 42 is a part to perform contrast AF
processing, and calculates an AF evaluation value indicating
a focusing state by extracting the higher frequency compo-
nents of image data in a predetermined focus area in image
data and integrating these higher frequency components. The
AF control is performed by controlling the focus lens in the
imaging optical system 12 such that this AF evaluation value
is maximal.

When the AE operation and the AF operation are finished
and the shutter button is pressed on the second stage (i.e.
fully), image data output from the A/D converter 20 in
response to this press is output from the image input control-
ler 22 to a memory (e.g. SDRAM (Synchronous Dynamic
RAM)) 48 and temporarily stored.

The image data temporarily stored in the memory 48 is
adequately read by the digital signal processing unit 24. The
digital signal processing unit 24 performs predetermined sig-
nal processing including generation processing (i.e. YC pro-
cessing) of brightness data and color difference data of the
image data. The image data (i.e. YC data) subjected to YC
processing is stored in the memory 48 again. Subsequently,
the YC data is output to a compression/decompression pro-
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cessing unit 26, subjected to predetermined compression pro-
cessing such as JPEG (Joint Photographic Experts Group)
and stored in the memory 48 again.

An image file is generated from the YC data (i.e. compres-
sion data) stored in the memory 48, read by a media controller
52 and stored in a memory card 54.

<Principle of the Presently Disclosed Subject Matter>

Next, the principle of 3D panoramic image synthesis pro-
cessing by the monocular image capturing device 10 is
explained.

As illustrated in FIG. 2, the image capturing device 10 is
held by hands and subjected to panning at substantially con-
stant rotation speed in the right direction to capture a
sequence of images at predetermined frame rate (e.g. 60
frame/second).

By continuously capturing images at high speed as above,
an image A captured at certain time t, and an image B cap-
tured at certain time tz slightly after the time t,, partially
overlap with each other.

When the mutually overlapping images from the images A
and B are cut out and the cut images are assumed as images A'
and B, these images A' and B' are viewpoint images (i.e. left
image and right image) captured at different viewpoint posi-
tions. Also, in the example illustrated in FIG. 2, the conver-
gence angle corresponding to the images A' and B' is 0.

That is, the images A' and B' form a 3D image that can be
sterically displayed. By cutting out mutually overlapping
images from temporally adjacent images captured during
panning of the image capturing device 10, one is acquired as
the left image and the other is acquired as the right image. By
this means, it is possible to acquire multiple left images and
right images for 3D panoramic image synthesis.

<Image Acquisition for 3D Panoramic Image Synthesis>

FIGS. 3A to 3D are views illustrating an acquisition flow of
images for 3D panoramic image synthesis.

First, as illustrated in FIG. 3A, the image capturing device
10 is held by hands and subjected to panning to continuously
capture images at high speed. In this case, the imaging is
finished when n (n shots) images set in advance are captured
or when it is decided that rotation is performed by a prede-
termined angle, and it shifts to panoramic image synthesis
processing.

As illustrated in FIG. 3B, an optical flow of images
between a reference image (i.e. captured image of the previ-
ous shot) and a captured image of the current shot is calcu-
lated based on correspondence point detection. That is, fea-
ture points on the reference image and feature points on the
captured image corresponding to those feature points are
detected as correspondence points, and the optical flow is
calculated from the movement amount and movement direc-
tion (i.e. translation vector) between these correspondence
points. Here, as a detection method of the correspondence
points, there is a method of extracting feature points by, for
example, a Harris method or the like and tracking the feature
points using a KT (Kanade Lucas Tomasi) method or the
like.

Next, as illustrated in FIG. 3C, based on the calculated
optical flow, images in an overlap area (i.e. area with dispar-
ity) overlapping between the reference image and the cap-
tured image, are cut out from the reference image and the
captured image.

The pair of cut images are stored in the memory 48 (FIG.
3D). Here, inthe case of images continuously captured during
clockwise panning, the overlap area image cut out from the
reference image is stored as the left image and the overlap
area image cut out from the captured image is stored as the
right image.
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After the left image and right image of the overlap area are
stored in the memory 48, the captured image is set as a
reference image and the flow returns to the next imaging. That
is, the processing illustrated in FIGS. 3B to 3D is repeated
every one shot during continuous imaging. Subsequently,
when it is decided that the image capturing device 10 is
rotated by a predetermined angle from the start of imaging,
the imaging is finished and the flow proceeds to processing of
synthesizing a 3D panoramic image.

Also, when the processing illustrated in FIGS. 3B to 3D is
not done in the imaging interval of each frame, multiple
images continuously captured at high speed may be tempo-
rarily stored in the memory 48 and subsequently subjected to
the processing illustrated in FIGS. 3B to 3D.

FIGS. 4A-4B are flowcharts illustrating the acquisition
flow of images for 3D panoramic image synthesis in more
detail.

In FIGS. 4A-4B, first, by the mode dial of the operation
unit 38 illustrated in FIG. 1, a 3D panoramic imaging mode is
selected to get in an imaging standby state (step S10).

Subsequently, the swing direction at the time of panning
imaging is set (step S11), and, after the image capturing
device 10 is moved to the panning start position to perform 3D
panoramic imaging (i.e. after the construct is determined), the
shutter button is pressed haltway (step S12). When receiving
from the operation unit 38 an input of a signal indicating that
the shutter button is pressed halfway, the CPU 40 starts the AF
operation and the AE operation, performs control such that
the focus lens in the imaging optical system 12 is arranged in
the focusing position by the lens drive unit 36, and determines
exposure conditions (e.g. the diaphragm value of the dia-
phragm 14 and the shutter speed of the CCD 16) based on a
photometric value input from the AE detection unit 44 (step
S12).

After that, when the shutter button is pressed fully, the CPU
40 starts continuous imaging according to the exposure con-
ditions determined in step S12 (step S14). At this time,
although a photographer causes the image capturing device
10 to perform panning clockwise, it is desirable to cause the
image capturing device 10 to perform panning at predeter-
mined swing velocity without being blurred in the vertical
direction.

When the continuous imaging starts, an image captured by
an image capturing unit including the CCD 16 is imported
(step S16). The CPU 40 decides whether the imported cap-
tured image is the first captured image, and the flow proceeds
to step S20 in the case of the first captured image (i.e. in the
case of “Yes”) and the flow proceeds to step S22 in the case of
a second or subsequent captured images (i.e. in the case of
“No”) (step S18).

In step S20, based on the first captured image, the WB gain
to correct the white balance (WB) of the captured image is
calculated to perform white balance correction of the cap-
tured image (R, G and B signals) by this WB gain. Also, with
respect to second or subsequent captured images, the WB
gain calculated based on the first captured image is used to
capture an image under the same focus position and exposure
conditions as above. This is because the shade, focus position
and brightness of each slit-shaped image used at the time of
panoramic image synthesis are not changed, which is
described later.

The first captured image subjected to image processing
such as white balance correction in step S20 is temporarily
stored in a working area of the memory 48 as a reference
image (step S24).

Meanwhile, in step S22, when a second or subsequent
captured image is acquired, correspondence point detection
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between the reference image (i.e. previously captured image)
and the captured image is performed. Subsequently, an opti-
cal flow of the reference image and the captured image is
calculated based on the calculated correspondence points
(step S26).

Subsequently, it is decided whether the absolute value Ix|
of'the horizontal component x of the translation vector of the
calculated optical flow is within a predetermined range (i.e.
threshold Thl=Ix|<sthreshold Th2) (step S28). In a case where
the absolute value Ix| of the horizontal component x of the
translation vector is within the predetermined range (i.e. in
the case of “Yes”), rotation correction is performed so as to
adjust the captured image to the reference image (step S30).
After that, images in an overlap area between the reference
image and the captured image subjected to rotation correction
are specified and the overlap area images are cut out from the
reference image and the captured image (step S32).

Next, it is decided whether the swing direction setting at
the time of panning imaging is clockwise (step S34). The
swing direction may be decided based on whether the direc-
tion, which is set by the user before the imaging, is clockwise
or it is counterclockwise.

When it is decided that the swing direction is clockwise
(i.e. in the case of “Yes”), the overlap area image cut out from
the reference image is stored in the memory 48 as a left image
and the overlap area image cut out from the captured image is
stored in the memory 48 as a right image (step S36). Mean-
while, when it is decided that the swing direction is counter-
clockwise (i.e. in the case of “No”), the overlap area image cut
out from the reference image is stored in the memory 48 as a
right image and the overlap area image cut out from the
captured image is stored in the memory 48 as a left image
(step S38).

Next, the absolute value x| of the horizontal component x
of the translation vector of the optical flow is stored in the
memory in association with the cut overlap area images (step
S40). Further, a total sum Sum_|x| of the absolute value Ix| of
the horizontal component x from the imaging start is calcu-
lated and it is decided whether the total sum Sum_|x| is over
athreshold Thd (step S42). When it is over the threshold Th4
(i.e. in the case of “Yes”), it is regarded that images for 3D
panoramic image synthesis in a predetermined angle range
have been acquired, and the imaging is finished (step S43). At
this time, on the liquid crystal monitor 30, it may report to the
photographer that the imaging by the 3D panoramic imaging
mode is finished.

Meanwhile, when it is not over the threshold Th4 (i.e. inthe
case of “No”), the captured image is replaced (i.e. overwrit-
ten) with a reference image (step S24) and the flow returns to
step S16.

Also, in step S28, when it is decided that the absolute value
Ix| of the horizontal component x of the translation vector of
the optical flow is not within the predetermined range (i.e.
threshold Thl=lx|<threshold Th2) (in the case of “No”), it is
decided whether the absolute value x| of the horizontal com-
ponent x of the translation vector is less than a lower-limit-
side threshold Th1 (step S44). When it is less (i.e. in the case
of “Yes”), the flow proceeds to step S45, and, based on the
sign of the horizontal component x of the translation vector, it
is decided whether the swing direction set in step S11 matches
the swing direction at the time of panning imaging. For
example, when the swing direction, which is set before the
imaging in step S11, is clockwise and “X” is positive, it is
decided that, similar to the setting, the swing direction at the
time of actual panning imaging is clockwise. When the swing
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directions are matched (i.e. in the case of “Yes”), the current
captured image is discarded (step S46) and the flow returns to
step S16.

That is, when the absolute value x| of the horizontal com-
ponent x of the translation vector is less than the lower-limit-
side threshold Thl and the swing direction matches the set
direction, the overlap area images between the reference
image and the captured image are large and the disparity
between the overlap area images is small. Therefore, in this
case, the captured image is discarded so as to not adopt the
captured image.

In step S45, when it is decided that the swing directions are
not matched (i.e. in the case of “No”), the liquid crystal
monitor 30 displays an alert that the swing directions are
opposite (step S50), and the imaging by the 3D panoramic
imaging mode is finished (step S43).

Meanwhile, in step S44, when it is decided that the absolute
value Ix| of the horizontal component x of the translation
vector is greater than the lower-limit-side threshold Thl (or
when it is decided from the decision result in step S28 that it
is greater than an upper-limit-side threshold Th2) (i.e. in the
case of “No”), the liquid crystal monitor 30 displays an alert
that the swing velocity at the time of panning imaging is too
fast (step S48), and the imaging by the 3D panoramic imaging
mode is finished (step S43). In this case, images for 3D
panoramic image synthesis have not been acquired, and it is
necessary to capture images again.

<3D Panoramic Image Synthesis Processing>

Next, an explanation is given to a synthesis processing
sequence for synthesizing a 3D panoramic image using mul-
tiple left images and right images for 3D panoramic synthesis
acquired as above.

FIGS. 5A to 5D are views illustrating a synthesis process-
ing sequence of a 3D panoramic image.

In FIG. 5A, reference numerals 1 to 9 designate time
sequential images captured during the panning of the image
capturing device 10, and the upper-stage images 1 to 8 and the
lower-stage images 2 to 9 are left images and right images in
overlap area images.

In processing of synthesizing these left images and right
images, it is possible to use the optical flow calculated in step
S26. In the example illustrated in FIG. 5A, as the optical flows
(i.e. translation vector) between adjacent images 1 and 2, 2
and 3, 3 and 4, and so on, (%, y)=(19, 2), (21, -1), (20, 0), and
so on, are calculated.

Subsequently, as illustrated in FIG. 5B, each image is
trimmed in a slit shape based on the above calculated optical
flows (i.e. translation vectors) (x, y)=(19, 2), (21, -1), (20, 0),
and so on, and the trimmed slit-shaped images are synthe-
sized in order. That is, a slit-shaped image of a fixed width w
from a position shifted by %2 of the horizontal component x of
the translation vector from the image center is cut out from the
previously captured image and the subsequently captured
image (i.e. two adjacent images in time sequential images),
and these cut slit-shaped images are synthesized while being
shifted in the vertical and horizontal directions by the trans-
lation vector. By this means, 3D panoramic image synthesis is
completed.

Next, in the left image and right image subjected to pan-
oramic image synthesis, area images including mutually
overlapping pixels are trimmed. In the example illustrated in
FIG. 5C, images AL and AR of maximum rectangle areas are
cut out from the left image and the right image, and an area
image overlapping between these cut rectangle-area images
AL and AR is determined as a trimming area. Further, as
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illustrated in F1G. 5D, a part corresponding to the determined
trimming area is cut out from the left image and the right
image.

These cut left image and right image are stored in the
memory card 54 as a stereo image (i.e. 3D panoramic image).
For example, a multipicture file (MP file: a file in a format in
which multiple images are connected) is generated from two
right and left panoramic images and this MP file is recorded in
the memory card 54 via the media controller 52. Here, two
right and left panoramic images are not limited to be stored in
one MP file, and may be stored as respective image files as
long as they are stored in association with each other.

[Others]

In the above embodiment, out of time-sequential captured
images acquired during panning imaging, captured images
are extracted in which the horizontal component x of a trans-
lation vector of the optical flow between the images is within
a predetermined range, but a captured image extraction
method is not limited to this. For example, an angular velocity
sensor may be set in the image capturing device 10 to extract
captured images in which the angle variation in the horizontal
direction is within a predetermined range. Also, when the
angle variation in the horizontal direction between adjacent
images is over a predetermined upper limit value (i.e. maxi-
mum angular velocity set based on a frame rate), a swing
velocity excess alert may be given.

Also, as illustrated in FIG. 2, when the swing radius R of
the image capturing device 10 during panning imaging
becomes small, the disparity between overlap area images
becomes small. Therefore, a sensor or the like to detect the
speed or acceleration in the horizontal direction may be set in
the image capturing device 10 to measure the swing velocity
V, calculate a swing radius R=V/Q based on an output result
Q2 of the above angular velocity sensor and, when R is equal
to or less than a predetermined threshold, alert that the swing
radius is small.

Further, in the present embodiment, when synthesizing a
3D panoramic image using multiple left images and right
images for 3D panoramic image synthesis, slit-shaped
images are cut out based on optical flows between adjacent
images and these cut slit-shaped images are connected. How-
ever, the left panoramic image may be synthesized by rela-
tively shifting an image group of left images in a time sequen-
tial manner based on the translation vectors between images
of'the image group of left images and mapping the result over
a memory, and, similarly, the right panoramic image may be
synthesized by relatively shifting an image group of right
images in a time sequential manner based on the translation
vectors between images of the image group of right images
and mapping the result over a memory. That is, the panoramic
image synthesis method is not limited to the present embodi-
ment and various methods are applicable.

Also, although the image capturing device according to the
presently disclosed subject matter incorporates a 3D pan-
oramic image synthesis function, the 3D panoramic image
synthesis device may be configured by an external device
such as a personal computer without an imaging function. In
this case, images captured by panning a general digital cam-
era or video camera having a continuous imaging function or
a motion picture imaging function, are processed as input
images. Further, a program that causes a computer to imple-
ment the 3D panoramic image synthesis processing accord-
ing to the presently disclosed subject matter is prepared and
installed in the computer. Subsequently, by executing this
program in the computer, a 3D panoramic image is synthe-
sized using the input images. Also, the program that causes a
computer to implement the 3D panoramic image synthesis
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processing can be stored in a recording medium and installed
in the computer via this recording medium. Examples of the
recording medium include a magnetic optical disk, a flexible
disk and a memory chip.

Further, the presently disclosed subject matter is not lim-
ited to the above embodiments and it is needless to say that
various changes can be made without departing from the split
of the presently disclosed subject matter.

What is claimed is:

1. A stereoscopic panoramic image synthesis device com-
prising:

an image acquisition device which acquires multiple
images continuously captured at a predetermined frame
rate while panning a single image capturing device
including a single imaging optical system and an imag-
ing element;

an image selection device which selects images for pan-
oramic image synthesis from the multiple images
acquired by the single image capturing device, the image
selection device selects images in which a horizontal
component of a translation vector of an optical flow
between the images is within a predetermined range set
in advance;

an overlap area detection device which detects an overlap
area with disparity between temporally adjacent images
in the selected images;

a trimming device which cuts out images of the detected
overlap area;

a storage device which stores the cut images of the overlap
area as a left image and a right image;

a panoramic image synthesis device which synthesizes a
left panoramic image and a right panoramic image based
on an image group of the stored left image and an image
group of the stored right image;

a correspondence point detection device which sets a pre-
determined image among the acquired multiple images
as a reference image, and which detects correspondence
points having a same feature between the reference
image and one or multiple different images captured at
different time from that of the reference image; and

an optical flow calculation device which calculates the
optical flow based on the correspondence points
detected by the correspondence point detection device,

wherein the image selection device selects an image in

which a horizontal component of a translation vector of

the calculated optical flow is within a predetermined
range set in advance, and sets the different selected
image as a next reference image.

2. The stereoscopic panoramic image synthesis device

according to claim 1,

wherein the panoramic image synthesis device trims each
image of the image group of the stored left image in a
rectangular shape according to a horizontal component
of a translation vector of an optical flow between the
images and synthesizes the trimmed rectangular-shaped
images based on the translation vectors of the optical
flows to generate a left panoramic image, and trims each
image of the image group of the stored right image in a
rectangular shape according to a horizontal component
of a translation vector of an optical flow between the
images and synthesizes the trimmed rectangular-shaped
images based on the translation vectors of the optical
flows to generate a right panoramic image.

3. The stereoscopic panoramic image synthesis device

according to claim 2,

wherein the panoramic image synthesis device further

comprises a trimming device which trims images of an
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area having an overlapping pixel between the left pan-
oramic image and the right panoramic image synthe-
sized by the image synthesis device.

4. The stereoscopic panoramic image synthesis device
according to claim 1,

wherein the panoramic image synthesis device synthesizes
the left panoramic image by relatively shifting the image
group of the left image in a time sequential manner based
on the translation vectors of the optical flows between
the images of the image group of the stored left image
and mapping the image group over a memory, and syn-
thesizes the right panoramic image by relatively shifting
the image group of the right image in a time sequential
manner based on the translation vectors of the optical
flows between the images of the image group of the
stored right image and mapping the image group over a
memory.

5. The stereoscopic panoramic image synthesis device

according to claim 1, further comprising

arecording device which records the left panoramic image
and the right panoramic image generated by the pan-
oramic image synthesis device in association with each
other.

6. An image capturing device comprising the stereoscopic

panoramic image synthesis device according to claim 1.

7. The image capturing device according to claim 6, further
comprising:

a mode setting device which sets a stereoscopic panoramic

imaging mode; and

a control device which fixes a focus position, an exposure
condition and a white balance gain and continuously
capture images at the predetermined frame rate when the
stereoscopic panoramic imaging mode is selected and an
imaging start instruction is input.

8. The image capturing device according to claim 6, further

comprising:

a mode setting device which sets a stereoscopic panoramic
imaging mode;

a translation vector calculation device which calculates a
horizontal component of a translation vector of an opti-
cal flow between images captured at a time of imaging in
the stereoscopic panoramic imaging mode; and

an alert device which issues an alert when an absolute value
of the horizontal component of the translation vector
calculated by the translation vector calculation device is
larger than a threshold set in advance.

9. The image capturing device according to claim 6, further

comprising:

a mode setting device which sets a stereoscopic panoramic
imaging mode;

an angular velocity detection device which detects an
angular velocity of the image capturing device at a time
of imaging in the stereoscopic panoramic imaging
mode; and

an alert device which issues an alert when the angular
velocity detected by the angular velocity detection
device is larger than a maximum angular velocity set
based on the predetermined frame rate.

10. The image capturing device according to claim 1,
wherein the image acquisition device further includes an
angular velocity device which sets the image acquisition
device to acquire captured images in which an angle variation
in a horizontal direction is within a predetermined range.

11. The image capturing device according to claim 1,
wherein the image acquisition device further includes an
acceleration detection device which detects a speed and/or an
acceleration in a horizontal direction and measures a swing
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velocity and a swing radius of the image acquisition device,
when R is equal to or less than a predetermined threshold,
alert that the swing radius is small, and

an alert device which issues an alert when the swing veloc-

ity or swing radius detected by the acceleration detection
device is less than a predetermined value.

12. The image capturing device according to claim 1,
wherein, after the panoramic image synthesis device synthe-
sizes the left panoramic image and the right panoramic image,
the trimming device trims mutually overlapping pixels of the
left panoramic image and the right panoramic image.

13. A stereoscopic panoramic image synthesis method
comprising:

acquiring multiple images continuously captured at a pre-

determined frame rate while panning a single image
capturing device having a single imaging optical system
and an imaging element;

selecting images for panoramic image synthesis from the

multiple images acquired by the single image capturing
device, and selecting images in which a horizontal com-
ponent of a translation vector of an optical flow between
the images is within a predetermined range set in
advance;

detecting an overlap area with disparity between tempo-

rally adjacent images in the selected images;

cutting out images of the detected overlap area;

storing the cut images of the overlap area as a left image

and a right image;

synthesizing a left panoramic image and a right panoramic

image based on an image group of the stored left image
and an image group of the stored right image;

setting a predetermined image among the acquired mul-

tiple images as a reference image;

detecting correspondence points having a same feature

between the reference image and one or multiple differ-
ent images captured at different time from that of the
reference image; and

calculating the optical flow based on the correspondence

points detected by the detecting correspondence points,

wherein said selecting images selects an image in which a

horizontal component of a translation vector of the cal-
culated optical flow is within a predetermined range set
in advance, and sets the different selected image as a
next reference image.
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14. The stereoscopic panoramic image synthesis method
according to claim 13,

wherein the synthesizing further comprises a step of trim-

ming images of an area having an overlapping pixel
between the left panoramic image synthesized by the
synthesizing and the right panoramic image synthesized
by the synthesizing, respectively.

15. A non-transitory computer-readable recording medium
recording a computer program causing at least one computer
to perform:

acquire multiple images continuously captured at a prede-

termined frame rate while panning a single image cap-
turing device having a single imaging optical system and
an imaging element;

select images for panoramic image synthesis from the mul-

tiple images acquired by the single image capturing
device, and select images in which a horizontal compo-
nent of a translation vector of an optical flow between
the images is within a predetermined range set in
advance;

detect an overlap area with disparity between temporally

adjacent images in the selected images;
trim and cut out images of the detected overlap area;
store the cut images of the overlap area as a left image and
a right image;

synthesize a left panoramic image and a right panoramic
image based on an image group of the stored left image
and an image group of the stored right image;

set a predetermined image among the acquired multiple

images as a reference image;

detect correspondence points having a same feature

between the reference image and one or multiple differ-
ent images captured at different time from that of the
reference image; and

calculate the optical flow based on the correspondence

points detected by the correspondence point detecting
step,

wherein the selecting images selects an image in which a

horizontal component of a translation vector of the cal-
culated optical flow is within a predetermined range set
in advance, and sets the different selected image as a
next reference image.
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